these curves were fit best to two rates and the results of multiple measurements yielded correlation times of 18.8 (±2.3) and 4.3 (±0.2) ns that were approximately equally populated. The longer correlation time is consistent with an apparent hydrodynamic radius near 28 Angstroms, close to that expected for a rod shaped molecule the size of syntaxin with an axial ratio of 2.5 (2) . Since a large fraction of the syntaxin (1-262) amide backbone has significant flexibility, the short correlation time is likely to be due to this portion of the protein. Shown in Fig. S1b are DLS measurements on syntaxin 210R1, which yielded a similar particle radius of about 3 nm.
Pulse EPR measurements and DEER were made on single labeled syntaxin mutants to determine whether these spin labeled mutants aggregated. The phase memory times in all our samples ranged between 2.5 and 3 μs, indicating that extensive non-specific aggregation is not taking place under the conditions used here. Much shorter phase memory times (less than 1 μs) are observed for syntaxin samples that aggregate. Shown in Fig. S1c are DEER traces for 210R1, which show weak dipolar coupling at low to moderate ionic strength but stronger dipolar coupling at high ionic strength. These data are consistent with the oligomerization of syntaxin (with both an H3 and Habc domain), which has been previously reported based upon analytical ultracentrifugation (3) and NMR (4) . The modulation depth of the DEER signal is dependent upon the number of excited spin-paris and this signal may be used to obtain an estimate of the extent of dimerization as described previously (5) . Under the conditions shown in Fig. S1c , less than 10% of the protein is dimerized at 150 mM NaCl, and approximately 40% dimerized at 300 mM NaCl. These fractions varied between different R1 mutants, but under low ionic strength conditions, oligomerized syntaxin ranged from 5 to 15%. 210R1 yield a single peak with a particle size of about 3 nm. The samples contained 60 μM protein in phosphate buffered saline (140 mM NaCl, 2.7 nM KCl, 10 mM Na 2 HPO 4 , 1.8 mM K 2 HPO 4 , pH=7.3) and were made using a miniDAWN multi-angle light scattering instrument (Wyatt Technologies, Santa Barbara, CA). (c) DEER measurements made on a 40 μM singly labeled syntaxin mutant 210R1 in 10 mM phosphate buffer (pH=7.3) and at the indicated concentration of NaCl. Assuming 100% labeling efficiency we estimate that at 150 mM NaCl approximately 8% or less of the syntaxin is dimerized. At 300 mM NaCl, the fraction dimerized increases to about 40%. The distribution shows that the dominant distance obtained at under conditions of 300 mM NaCl is approximately 22 Angstroms.
Simulations of EPR spectra
EPR spectra were simulated using the MOMD model (6) as implemented in a LabView program "Multicomponent EPR fitting" obtained from Dr. Christian Altenbach (UCLA). The general fitting procedure followed those described elsewhere (7) . Shown in Fig. S2 are examples of fits to two sites on syntaxin (1-262), (a) 210R1 and (b) 167R1. Also shown are the individual simulated components. In these two cases, the principle values of the hyperfine tensor were taken as Axx=6.2, Ayy=5.0 and Azz=36.5, and g-tensor values were gxx=2.0076, gyy=2.0050 and gzz=2.0023. For both 210R1 and 167R1, the fast component was simulated using isotropic motion with correlation times of 0.6 and 0.9 ns, respectively. In these fits, the slow motional component was fit with correlation times of 2.5 and 2.3 ns and order parameters of 0.25 and 1.1, respectively. The tilt angle between the diffusion tensor and the magnetic reference frame was taken as that defined previously for labels on exposed surface sites (7). It both cases, the less mobile component resembles those observed for labels on dynamic helix surface sites (8) . Smaller order parameters could be exchanged for slower motional rates while still producing simulations with acceptable fits to the spectra; therefore, these motional parameters are not uniquely determined in these simulations. Populations of components in the spectra were determined by integration of the spectral components, which is provided as an output in the program. The fast component represented approximately 35% and 20% of the signal for 210R1 and 167R1, respectively. Populations could also be determined by simulation and direct subtraction of the mobile isotropic component in the EPR spectrum. Either approach gave similar results. 
Titration of the EPR spectra of single syntaxin mutants with sucrose.
Sucrose was used to determine whether the motional components seen in the EPR spectra shown in Fig. 2 were the result of rotameric states of the spin label or conformational states in syntaxin (see main text). Shown below in Fig. S4a is a titration of label 192R1 ranging from 0 to 40 % w/v sucrose. This titration was carried out for this and 4 additional sites along the H3 segment and the data are plotted assuming a simple two-state transition between ordered (folded) and distordered (unfolded) states in H3. Two sets of data are included for syntaxin immobilized on resin though the N-teriminal His 6 tag. These data demonstrate that sucrose induced changes are not the result of sucrose-induced aggregation. immobilized on beads using the His-tag. In (g) are EPR spectra for 192R1 at sucrose concentrations from 0 to 40% w/v, and in (h) and (i) are free energy plots as a function of sucrose concentration for 192R1 and 210R1, respectively. On beads, the equilibrium of H3 is shifted slightly towards the more ordered state, and on beads, the free energy for the folded unfolded equilibrium as a function of sucrose concentration (molar) for sites 192R1 and 210R1 was 0.690 ± 0.07 and 0.760 ± 0.07 kcal/mole.
Inter-versus intra-molecular spin interactions in oligomerized syntaxin (1-262).
As shown in Fig. S4 , when syntaxin is oligomerized but diluted with unlabeled wild-type protein, dipolar interactions between spins on the H3 domain and the Habc domain are not detected. Because intramolecular interactions between the H3 and Habc domains are not detected, these domains must be displaced by a significant distance in the aggregated state. As shown in Fig. S5 , additional distances appear in the aggregated state, which must be due to intermolecular spin interactions. These may be reversed by dilution of the protein or by the binding of Munc18. Figure S4 . DEER signals obtained from syntaxin (1-262) 52R1/210R1 when diluted with a 5-fold excess of wild type protein in under conditions where (a) significant aggregation is expected (30μM protein, ionic strength > 300 mM), (b) some aggregation is expected (7μM protein, ionic strength = 150 mM), and (c) no aggregation is expected (2 μM protein with 20 mM MOPS, pH = 7.3). For (b) and (c) the corresponding distance distributions (right panels) and fits (red traces) are shown for the data. The greater noise level in (a) is due to a much shorter acquisition time and not to differences in the phase memory times, which ranged from 3 to 4 μsec for these samples. Figure S5 . DEER signals and distributions measured for 52R1/210R1 in the soluble syntaxin 1a construct (1-262). Both ionic strength and protein concentration appear to modulate the distribution of distances between H3 and Habc, but as shown in Fig. S4 , these additional signals are intermolecular and are the result of oligomerization. In (a) syntaxin 52R1/210R1 is at a concentration of 40 μM and increasing the ionic strength (from 10 mM buffer to buffer plus 750 mM NaCl) increases the fraction of longer distances and results in the appearance of a shorter distance component. For the sample containing 300 mM salt (middle panel in (a)), the closed state may be stabilized either by the addition of Munc18-1 (b) or dilution of protein sample to 2.5 μM (c). In (c) a shorter evolution time was used than at the higher concentrations, but the phase memory times increase and are greater than 4 usec.
